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ABSTRACT : 

PURPOSE: To increase the band-gap energy (Eg) of a light emitting 
diode so as to shorten the light emitting wavelength of the diode 
by using a GaAsxPl-x substrate crystal Which is grown on a GaAs 
substrate by gradually increasing phosphor content of the 
substrate and growing an A GalnP crystal lattice- matched to the 
substrate crystal, 

CONSTITUTION: At the time of epitaxially growing an AlGalnP 
crystal, a layer having a constant composition of GaAsl-xPx grown 
on a GaAs or aAP anhfi^•ra^f^ crystal with a gradPd laypr 4, 'in 
which the (x) of a GaAsl-xPx (OxInl-xP (X>0.52) lattice- matched 
to the substrate 8, namely, an active layer which is >1.92cV in 
Eg and (6.45nm in light emitting wavelength can be used* The 
wavelength of the light emitted from the AlGalnP grown on the 
GaAsxPl-x substrate crystal is shorter than that of the light 
emitted from AlGalnP grown on a GaAs substrate. Therefore/ light 
having a shorter wavelength can be obtained without adding Al to 
the active layer of a DH structure in which the active layer is 
put between layers having large band-gap energy. - .\ 



COPYRIGHT : (C) 1994 , JPO&Japio 



(19)B*ia«fllF/r (JP) (12) & ^ i^F 1^ ^ ^ (A) ^limfftiinm^- 



(BDintci.' mmn ff^^mmm fi pmmsm 

H 0 1 L 33/00 A 7514-4M 





!|$S¥4-211229 


(TDtfJKA 


000005108 










(22)til|gB 






«Si3 WfflEttBa«j=rfeETB .6 «J6 








5# #i$ ; 
















«5SC^ttBiZ4!IfF3f**8f^n ' 






(72)|IM« 


@JI| MM. 
































«Sa5H^^ttfS25^S 1 Ti280»i6 



























(54) K 



(57) 

ttt^] fiesfcOGaAsS^cOftipOtGaAsiP 
i-x (OgX<l)S«±tAlGaInPi^Ofefi$- 

1) (cJ:0«ffit3>:5'i?h^KI,„ »W:fr{4 
SrSif^L. AlGal nP^^*SH^a<0Eg5r;^^<t, % 

0.7 I ni.3P^fz\tzmZT)V^~^J^^m^X'^yh 
S^>tCfflgtCtfrf&^LfcAlGaI 
n Pa^KSa**/?. I n ^tfJ-irfc^it, Uf^:^!^— r >y K«Sr 
ig-Cm-^lMA Iz I ni-zP (OgZ^l ) mttzM 
G a P/A 1 J I ni -z Pi@tS^flijti±ieA 1 G a PI 

^S: $ h\.Z±ifh Z t *«-C'# S . 
[S!;*] DHlijgT-vS11«tAl5rV^<xSit^<5 
6 0 n m~ 5 8 5 n m<0|SJ|Sfe*>^>llfecOa^BI^$!« 



-1 0«« 



-2 p-0«P 

-3 p-OtP/p-AI«.alih.iP 

<rb-#»KB (x:0.7-i.O) 
-S P-<M«.ia*<k.i)».>l<A.»P 

-7 n-<Alo.,Oio.,)a.,'i"o.iP 
-8 n-BlA«,,«,PB.a,l 



))«■ 



1 

] GaAs^3t{iGaPS«±tGaAs 
i-jPi ( 0<XS 1 ) 1&ia<7)m(Dm.X^^^I,Z^ltz 

Pi-v {ogY<i ) m^Bm±iz. i^itts^^-r 

|,A 1 Ga I nP?^i|i^#:ISa^B$-xtf:5':3f j^-\';l.fiS::S 
L. (AlxGai-x) y 1 ni-yP (O^X^O. 8. 
0. 5 2<YgO. 80) Sr-eixJ:OA'i/h'^Jt>.yrx 
:T.;l'ar-Eg^7):»C§V^ (AljGai-x) yl ni-yP (0 
<XgK 0. 5 2<Y^1 ) xm^t'DHtiiii&f^l, 
;i 1 J: O^^.^iSIIJfey^ Jf- H. 
[ff«3l2 1 ±ieG a A s PS«<0«B^B®*-ffl^SJ^-r 
hZtlzX'O. xfcr^'dfi/-v/l'€*t)tA 1 Ga I nP 

TEg*<vSttacO'!-^i.J:'5::kl=VMiS/i{ipSc7)A Ix 
Gai-xP® (OSXgO. 3) i&«:St;tl«««lX 

imm4] tk^cr)mu\^±mc^m (±ieA i GaP 
u\^Tmm mmm) x ^mzmm^a-ti^^iz 

Ji. Eg*^a8cJ;»)/jN$(,^ (AlyGai-y) X I ni-xP 
(0. 52<XgO. 8. OgysO. 8) ^vSISSi: 

L. §^>CA1 GaPC0±tCDBRRItm#-f^i:Sr 

IWiSimS] GaAsPf§atC*Sm^L;tA 1 Ga I 
nPfeSfc, -5-<7)±{wfie*UcGaAs PttitS^g^ 
L^<-'>AlxGa]-xP (OSX^O. 3)Ji<0^{Z.Ga 
AsPMifctSi^S^SA 1 Ga I n PA»^,J±tJftT 
(A IvGai-y) 2 I ni-zP (OgYS 1 ) cOZSrl. 

fli&ii*il3 Xti 4 iSK<^3t^^>f H . 
[fl*^6] A IxGai-itPKO^X^O. 3 ) 
M^MX'hlAU I ni-yP (OSY^ 1 ) tfOif § 8 0 
~1 5 0A(0#-e^M;il:/v:(iA IxGai-xP {Jf$ 
80-1 5 OA) /Alylni-vP (J¥S8 0~1 5 0 
A) <^St&^ ( 2 O^mrt) ^V^tl^lS*Ji3X<i4 

[000 1] 

mmm. mmcomm^^mizm^ti&miy^ 

[0002] 

lWf^<rfim] t^*<7)p-A 1 Ga I nP/u-Ga I 
nP/n-AlGalnP DHfflJt^WT^^J^'f :t 
-HttGaAsfflR±K)gfi)^SifC<-^*. GaAs^ 



2) !tfiBT6-61 525 

2 

tSA^4g?&^l>0a I nPff)f&m±Gi«.5t I n 

o.48PT-fc-:.T. Eg = l. 92 eVt:-$).&.. fifoTi* 
:g 6 4 5 n mtlT<Ol&3ti!fe;^2:J$^^r^ ^- H m 

JnLT (A IxGai-x) 0.52 I no. 48Pt EgCOi. 

{f R.M.Fletcher^> J.Elec.Mat 20 C 12] 1125-1130 
(1991);H.SugaMara^The 22nd Conf.Sol. ^tat. Mat., 

Ext.Abstracts 1175-1176 (1990)). U*»L.A 1 SScO 

10 ifjD 1 1 1 izmsmi^^mzm^M-ri cox-'-mmco^ 

[0003] 

ax I ni-xP (X>0. 5 2 ) ^SifflfigiO; "t^ri^-^E 
g> 1 . 9 2 e V^.&^aS-fflV^I>. 0§.^.fc'M«*fL 
S:0|.f^a6(:;47cigaA I Ga I nP?:fflv.>^ii-^. Il 
-^^i%%-fh<r>X'htM. -c^s^iftA i 

1>A 1 Ga I nP$rfilfflU^S&^^STS:l?5r?tV\ 
20 ftOfcA^tC. GaAsJ:0<S^SiC*^VjN$V^'«Rji*^ 
tC:ni:iai^S-&-r-SGa I nPIS^Sr^^tVtJf , 
<^fflBg{i:Gax I m-xP (X>0. 5 2 ) t ^rO , -f-iO 
m.^zmtX E g . ■r^^?*>^3fe^**%< =5rl. . 

<^ttz. ^mmx'\imm-\,zxnmmmmm 

<=sri.. ^mt:'&<'^^\,z\immmm.<r)^ 
imkL^^<x{ifj:h^£\\ ®-irm^<^)m:mi> 

tiiblzliMmk Jj-- 5 y ^' 3 y ^' h S: k t Lrm 

:^§^Eg*it^. ^i6mmzmmm)^dt^j:i^^b 

ifi'mX'hi>. A 1 Ga I nPigfiTC:«6^^filBfetS 
k»S^(:§A>t:A 1 5r^DLTEgS::;»c#<.L.^<T{i 

^ 'J TiSm^±t <-t^Zb imti^ff>X', •c'co-r?^ 

40 [00 04] 

mmmm-i>f::ib<7)^m a i Ga i tip^^^a?: 

xe^'dfi..v;W«*-f|.t^fc:. GaAs^:^<iGaP 

■fGaAsi-xPx (0<X^1) ^^gCr>X$:p^l,Z^i. 
tzy^y-'r-y h'flS::fr LT^cO±t»fi^— ^tfOGaAs 
i-xPx)lSrJ^t«L^t<0?:««i: Lfffl^r^S; -ClcOSSl 
tfS^^-ri)Gax I ni-xPOffl^X>0.:5 2. O 
S O E g> 1 . 9 2 e V. I^&:S< 6 4 S^fvtneoiSIS 

50 mimff&imfi>f^>fimmAm^{^imL 



3 

[ 0 0 0 5 ] t :t- S -y ^' 3 i^^ ^' b ^ i: SWi, 

tLt. AlyGai-yP (O^Y^O. 3) fiSigJKF 
G a A sx Pi-x fc ♦STS^L^t><^-C'JgftX|!ilS:iJ'^=Sr< 

l>Aizin!-zP (o^z^i) ^imw^it:ii A I 

YGai-YP/AlzIni-zP<^S1S^flt®^Ufll>'. ^ 

(±ieA 1 GaPJiiij) mmi 
jifc t±EA 1 G a pji«±ic:D B Rmmm^i. 

[0006] 

[fpffl] ffiiastc^f idtc. M;tt±'GaAsfflS±lc 

iai:m^\ ClCO^^atllS^S'^LitA 1 Ga I nP^CD 
JSa^rEft-rntf , A 1 ^G aCOffiStiG a A s^«(C 

[0007] ®Gax I ni-xPT'tiHiiWt, iS««fl 
*>^>rBl«j^lw/N> Hfilit*«3Ei?S X= 0 . 7 3 , -t^ 
*)^>Eg = 2. 2 3eV*g|(OEgSrt'3feftl4AlSr 
®JII1--&e£J^{±^<, GaAsS^t^fS^lE^tJtA 1 
Gal nPife^{;Jt/^. «V^li5eS&$$-Ro^SSffi» 
i t h . «W|;c.(f ±iaG a A s ^±(c 
^iSLJtGa I nP*»<!»«0#fe<Ol63fet*fL. GaAs 

0. 61Po.39±tCfig*t!tGao.7 1 no. 3 PT(i||||!!fe*> 

iSfift5:ISIS^tl±A 1 ^m&LtzA 1 Ga I n PcO 

iZ^m^LtzA 1 Ga I nP^rffl^^SJ:')i£V^A l}i 
fl|-CI^-«^W%7tS:#-i. 1 55^T § 5 . ta!-5-C A 1 ji 
SCO® I, ^:)^•/i^t^S&$^7)IBt*«^tg i: ^: S . 
(0008J OA 1 Ga I n P^igacoE g«i:*!ESIBic 

1, ; i: J: •) ^<7)J:(-fi^ftt- 1. A 1 G a I n PJS^^bCT) 

afe:R<0ffl2:S«?-C^ S^T, n-m.<r)m§i>Th E DSr 

^figfc^l.. mtMGa. I nPTii7 0 0- C^:ST\ 
a«M:tr{i5: (10 0) ffi*>^> ( 5 l l ) AS(cffl(t$ 



3) !»^6-61525 

4 

[0 00 9] ®~(3»{CJ:'9. GaAsxPi-nS^IS^c?) 

vini-YP(Y>o. 52)mt:ym..wmm 
[00 10] is>nMt<Dit-^'y^^y'^'^yki:hm 

10 tLT«jfUSH-tf>:?^cO^|g=S:A lxGai-xP(0g 
X^O. 3)S-iR:^-fSrtfcJ:»), «iil3^^4^iinK 

KliS«iOE g i V g Sr^-^vSttS I. C: t 
A 1 GaPMl:RW!S&fflv^S^i:(cJ:»3vgtt«i6»'c.M 

[0011] ®GaAszPi-z { 0 ^ Z < J.,) 

\zm-m^LtzA 1 Ga I n PS*Sf9*^<^4..h-c0fflBe& 
^-?t«/i> Uc^^b—T-y Vm^-kLXlMA 1 X Ga 
i-xP^fi!c;St. ^;tico®t:|^®BtfCAlvI n 
1-yP ( O^yg 1 ) |l-<0Saflll«l;^J4V, A l xGa 
i-xP/Aly I ni-vPc7)*B<S^^iji?-V^ixl>C:i;tCj: 
15 , A 1 X Gai -X PScOfe^lL^t'cOSaXli^iSJS-C 

[0012] 

i^Bfl-f'S. n-GaAso.6iPo.39^^ (n = 7Xl 0 

" c m» ) hiiz^m^'mmmizi: o s i ^ n-r 

L/cn- (A lo.7Gao.3) 0.7 I no.sPW 'Cl X 1 0 
i8cin»)Srl. Ofxfn, H— b'>':?'LTV.^^V.^Gao. 7 

Ino.sPSrO. 5jum, Zn^K-TL/lp- ( A 1 
0. 7Gao. 3) 0. 7 I no.sPJl (p = l. 2X l^O'^cm 
3) SrO. 2;um. |^t< ( p = 5 x 1 O'lc ) i 

0. 8/im(S^-fS. (tlTpa«4^-CZn1«-rt'* 
) ^<n±iZ\ ncOffljtS:^^C«^>L7tp- (A 1 

40 o.7Gao.3) X I ni-xP^^U-f xHii (XVO. 7^ 

1. 0, p = 5X10i'cm3)$:2. Ojum, -eLTp 
-A 1 0.8 I no. aP (80 A) /p-GaP(80A) 
(Tynm-i 1 0^^)a;RL;t^P -G a R.l ( p = 3 x 
10i8cm3) $:8//m^;gtl.. ^:>It'fife;giij£J47 
0 0" CX^hh, icOJ©^. ^1tJg-e*«Gae.7 1 n 
0.3Pil*^^)<Oi^iS*{i5 8 3nm-C$>'?llfecOlBt , 

^ t tzj: G a P«<7)^a:J:Pfi{4ii'-^:< =5r OlgTl^^JiJ: 

50 [00 13] (mm2) mmuzii\,yt:wms^ 



(4) 



^61525 



mtm (511) AWizthztizx *)?tm^ii5 

s»KOl^ t (511) Affi±t'C7)Ga I n PiTy^lZ 
Sttitl&^S^tJt 4SA I G a I n P L^.: 

A 1 mm(r>mnt 1 1 \z^itmmm.=mmm 

[00 141 (IISt«?iJ3) llt6f?iJ2twfcviTvSttMS: 
( A 1 0. 05G ao. 95 ) 0. 7 1 no.3 PW47tfiSt'^^C: 
t fcJ: Oll^aiJ;^**? 5 0 n m-b<rm^<rmitti^%hix 

[00 15] {%tm\A) %mmiti^h3\.zi5\^xmi. 

SSSSrn-GaPJigft»«Srffll\ -?-cO±(CGaA sx 
Pi-x (0SX<1 ) cOXS:^/?tl)i^L/i^U-T'y 
Kll 0//m$-:ft-LTffl^XiO-^=5rGaAsi!Pi-jJi 
5;um^^*t^C0±tc. ^ixtC:1S^S-&-f SA 1 Ga 

[00 16] (USSfiSJB) S«|ga«a$rnMGaAso.o8 
Po.92fcLicO±lC^fxi;tS^S^-f-Sn- (Alo.4 
Gao.6) 0.96 I no.oiP ( 1 X 1 QiScm^ ) S: 1 /t 
m. u— Gao.7 I no.3P&4 0 nm, p— (A I o. 4 
Gao.e ) 0. 96 I no.o4P ( p = 1 . 2X 1 Qi' cm^ ) 
2:0. 2Aenn, i5^l:.<p=5. CXlOi^cniS^ 
0. 8Atm, p-GaP)B (p = 3x 1 0'«cm3) S: 

h\iit±<r>o%n, pmrnmrn^z^hmisi^tz-tct 
I.. 

[00 17] 

GaAsxPi-xS«*Sfi±fcJiJt:SL^A 



1 Ga I n P*>*><0il3K{iGaA sSChfcJ^^L/>:A 

1 Ga I n PA^f>i7)^3tl::Jt^M-^SX'$)0'' StRiS^ 

ffi< LDHflKtwiSitJiKA 1 S:aSllirri.c£*l<IBt 
■»E^ 5 6 0 n m^W^ae^lX 0 ^'f i t . 
[ 0 0 1 8 ] ±iaG a A s P««itClS^^L/i 

TK^-v'J7?iSm lvGai-YP«$:^*-f-S::i:(; 

ti. m.\in=f-<r>mmAzis.m . m^^izm-m 

LtzmTf.znL. mtwm>-mmnmii:^^z^j:h\i 
K±t < , 5 6 0 nmw^x'kmum.=mm^i c fgm 

[00 19] ^hi.z^^M^\i!,-fmimmtk-fh2r> 
<m<r>o-hi^\izm>. :nxtmmim^<^m.^^ 

^K(c±ao J: 3 tcvSttltfOE g $-/Jn$ < ^.i >I t tc J; 
[0ffi«ra#=SriKBB] 

[01] ^mn^z^£h may^ \'<mmm. 

[03 ] A 1 Ga I n Pl^a<?)yNVK^-v Vrx:t-/W 
[04] Gao.7 I n<^.iP(r)E s<nmmiijk^^'^. 

30 1. 9 "«ffi. A--yi^~T^vm. 8- 



mu 



[021 



-a p-a«i> 

-4 p-(Alo 76*0 tlx' "l-K^ 
<fi>'-*f\fm («:0.7-»1.0) 

-7 ■••(Ai, ,at,.^,.,i>,.iP 
-a (iM 



p-QiPl 



u-(AI.Ch-.)«.«'»o.»P 



fi-OlAlCC 



Mb F— 2 -- 1 5 11 11 .» •••• 

MbK— 0. 6~l »• 

x-0. 2-0.4*, ».S~l«kil 



(5) 



#iH¥6-61 52 5 




MS^.^mf^T^^ym 1 Ti280»tfi 



